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SPAN-LOAD DISTRIBUTION AS A FACTOR IN

By MONTGOMERYENIGHTand RICWD W’.

SUMMARY

l%h report p“re8 the reeult8 of prewuredish-ibuiion
teet8 made to 8tudy the ~ect8 on lateral 8tabi&! of
chanp-ng the span-load distribution on a rectangular
monoplane un”ngmodel of fairly thick section. Tiire.e
methode oj chan~”ng the distributim were employed:
mm”ation& pTo$[e ahmg the span to a thin symmetrical
section at the tip, h.uistjTo?n -!-P to – 1P at the tip, and
wceepback jmm -!-W to —%OO. The tests uxre con-
ducted at the Langley Memorial Aermz.auticalLaboratory
in the 6-foot clo8ed-ihroatatmosphericwind tunnel.

The rolling moment due to Toti at a Tate of rotation
equivalent to thui resulting from the mam”mumrolling
disturbances encountered in normal $ighi i~ used as the
prinoipal basis of comparison. Normal-force ourwa are
girenfor the purpose of estimatingthegeneral e@ctimnees
oj each wing arrangement.

Ile investigation show8 the follw”ng outstanding
rewdtx

1. flange in pro$le along the 8pan from the N. A.
C. A. 84 at the root to the N. A. C. A.-M? at the tip
considerably Teducesfuteral instability, but also reduce8
the general effectirene8sof the wing.

g. Wa8hmdup to 110 progresst”celyreduces maximum
lateral instability.

S. Transition from ewepjoruwd to sw~epback grad-
ually reduces the useful angle-oj-attack range, but has no
clearly defined eject on maximum lateral instability.

INTRODUCTION

The problem of reduoing the unstable ding tend-
ency due to rd, characteristic of unyamd, stalled
flight., has been attacked in various ways. The earliest
methods consisted of attempts to improve kderal con;
trcllability by increasing the rolling moments produced
by the ailerons. These methods enabled the pilot to
correct. for disturbances more effectively, but did not
remove the source of the danger, the rolling tendency
itself. Subsequent developments resulted in the use
of such devices se the Hudley Page automatic slot
and the wing tip floating aiIercn, both of which have
been shown not only to reduce the unstable rolling tend-
ency due to roll but also to improve the controllability.

Another method for reduoing latersl instability is
the modification of the shape of the conventional

S!MIXLITY IN ROLL
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wing. The nature of the moMcations best suitid
to this purpose may be determined from a considera-
tion of the factors controlling rolling moment due to
roll. Primarily, this moment depends upon the dis-
tribution of load aIong the span when he wing is
given an sngdar velocity in roll. This distribution
is dependent upon the variation of the chord aIong
the span, the angle of attack, and the slope of the
curve of normal force for eaoh section. Mao, the
nearer a section is to the tip the greater is its imporb
snce, because of its longer moment ~ and the larger
differeme in angle of attack between it agd the mid-
span section when the wing is ding. ‘With these
points in mind, the folIowing ways may be noted
by which the relative variation in wing+ection loads
with angle of attack may be influenced:

1. Change in profle aIong the span.
2. Twist.

3. Sweepback.
4. Taper in plan form.
The present investigation was undertaken for the

purpose of obtaining information concerning the ex-
tent to which lateral stability in roll, both above and
below the stall, could be affected by changing the
shape of a monoplane wing according to three of the
abo~e methods: change in prcfle along the span,
twist, and sweepback. Tests were SISOmade of com-
binations of ohange in profile along the span with
twist or sweepback to obtain information on the
possible variation in the characteristics due to the
tatter -miables with change in wing prde. M the
tests were made in the 5-foot, closed-throat atmos-
pheric wind tunnel of the Imngley Memorial Aero-
nautical Laboratory. (Refermce 1.)

The distribution of the loads nornd to the chord
along the span is used as the basis of analysis. These
loads wers obtained by using the pressure-distribu-
tion method of test.

MODELS AND APPARATUS

It has been standard practice in presure-distribu-
tion invest~~ations in the atmospheric wind tunnel to
make the assumption that there is no flow of air across
the pkme of symmetry of m unyawed, fuII-span wing.
The further assumption follows that an actual surface
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may be located in this plane without seriously riffect-
ing the air flow over either half of the wing. This
makes it possible to omit one-half of the wing and test
only a semispan ‘rno-del with a “separation” plane
mounted in its plane of symmetry, as shown in Figures
1 and 2 and described in greater detail in reference 2,

The general design of the two semispan wing ,models
and the locations of the test orMces are shown in
Figure 3, and the profile ordinates in per cent of chord
are given in Tables I and II. One wing model, desig-
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instead of parallel to the span, and were held together
by the clamping action of two long bolts instead of
bing rigidly glued together. This method of assembly
was necessary in order to allow the wings to be given a
maximum linear twist of either 15° washi~ or washout.
F@me 2 shows the N. A, C?.A. 84 model washed out
15° about an axis coincident with the loading edge.

In order to set the twist the long bolts were looscncd
and the laminations rotated through a small mgle
relative to each other until the trailing edge and a line

-Jooz = .50”

11,
111111111, Orificesz

Leahg edge

7A Sec

I

+2.

h!.4.CA.84 NA.C.A.86
FIGIXE 3.—Orf6.mlmationg on semlspm twistable wing models

nated the N. A. C. A. 84, is of constant profde and
thickness from the root to-the tip pressure element.
The other, the N. A. C. & 86, tapers in thickness
equally from the upper and lower surfaces from the
N. A. C. A. 84 profile at the root to tho N. A. C. A.-
M2 symmetrical pro61e at the tip pressure element.
Slightly beyond this section the plan forms of both
wings depart from rectangular to form a rounded tip
of such shape that any section normal to the mean
camber line is a semicircle whose diameter is the wing
thickness at that section.

The construction of the two wing models dfiered
from conventional pressure-distribution design in that
the laminatio~ were placwd parallel to the chord

scribed on the leading edge of the model coincided with
their calculated projections marked on a twisttiig.

%eepback was obtained by loosening the mounting
cIamp, seen just under the separation plane in Figure
1, and rotating the entire wing about an axis in tho
plane of symmetry and normal to the midspan chord
atits 50 per cent point.

A sheet-metal fairing was placed beneath [ho
separation plane and around the mounting clamp to
decrease the interference of the apparatus in the
tunnel with the air stream. A torque tube extcmding
out of the tunnel directly beneath the wing was con-
nected to the mounting clamp and served as a means
for changing the angle of attack. The brass pressure --
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tubes passed through the center of this member and
were connected by short Iengtha of rubber tubing to an
integrating n-mItipIe manometer on the table. A spot-
light mounted on a bracket abo-re the table furnkhed
the Iight to expose the photostatic recurds obtained on
the manometer.

Experience with pressure-distribution inmAga-
tions in the past has demonstrated the need for reduc-
ing the labor imrobmd in working up the test data.
Since the object of the present irmeatigation was pri-
marily to study spadoad distribution, a manometer
was used that automatically integrated the section
loads and thereby reduced the manmd integration
steps from six to one. A more complete discussion
of the princip~e of operation and the design of this
instrument is gi-ren in reference 3.

TESTS

Preliminary tests were conducted on the manometer
as originality designed for use vrith mercury, but the re-
sults were unsatisfactory. Alcohol was substituted as
a manometer liquid and the airspeed was reduced from
117 feet per second to about 32 feet per second. At
this speed the hydraulic heads encountered were
within the structural limits of the manometer and
satkfactory checks on repeat runs couId be obt ained.

A -rertical dynmni~pressure survey, as shown in
relation to the wing ruodeI in Figure 4, was made at
an airspeed of about 32 feet per second for the purpose
of calibrating the Pltot-static tube which was used
during the tests to indicate the air speed. This
“service” Pitot tube was Iocated several feet upstream
and ahead of the honeycomb, where it was not in-
fluenced by the presence of the model.

1Wiiq
moci#

FIG- 4.—Dynarafc pr?ssumdlshihiion

The lirst test with the wing twisted was made at 15°
washout. A check test was then made with the small
“steps,” caused by the laminations rotating past each
other, faired over with pIasticine. A small di.tlerence
in the results vm.s noted, and consequent~y all subse-

quent tests were made with the wing faired when
twisted.

The test program for each wing was divided into
thee pa*, as foIlows:

1. Straight wing (zero geometric twist].
2. W@ twisted with a uniform change in angIe

aIong the span to an angIe at the tip equal to:
(a) 5° vrashin.
(b) 5°, 10°, and 15° washout.

3. Sweepforward, 10° and 20°; sweepback, 10°
and 20°.

Each wing condition was tested at angles of attack
from – 9° to + 30° at 3-degree intervals, conventional
presure&tribution test procedure being empIoyed.

The dynamic pressure was maintained constant at
1.23 pounds per square foot, corresponding to an air
speed of 32.3 feet per second in standard air and a
Reynolds Number of about 160,000.

RESULTS

The resuIts of this imrestigation are presented
graphically in Figures 5 to 20; critical Yalues of the
rolling moment and nornd-force coefficients are ako
given in TabIe III. CompIete section and total ving
normal-force data are gken in Tables IT to XXI.

The coefficient of roiling moment due to roll Ck
about the wind axis, is pIo t ted against absolute angle
of attack in Figures 5, and 8 to 15. Although the roll-
ing moments as given are not about the probable W&
of rotation of an airplane in flight, the wind ati was

chosen for convenience in the comparison of the com-
puted momenk with autorotation test moments, which
are ahrays taken about the wind axis. This method
of presentation allows all wing settings to be compared
on a basis of equal angular displacement from zero Iift,
and sII numerical dues of & with corresponding au-
torotation r=ufts. The use of the wind ask instead
of the body a..., which is nearer to the true @ of
roll, doea not aflect the relative value of the results
appreciably.

The computation of ~x is based on the strip theory
(reference 4), assuming a rate of rotation such that

In this expression
p =rate of rotation in roII (radians per second),
b =span of the wing (feet),

V= air speed (feet per second).
The numerical vaIue 0.05 corresponds to the ma.simum
rciling veIocity found to be encountered in ordinary
f3ight in bumpy air. The numerical value of Ch is
obtained from the equation
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where
X= total rolling moment due to the unsymmetrical

distribution of forces normal to the chord,
a= angle of attack of wing root,
q = dynamic pressure,

and S= area of the wing.
Positive values of C~indicate a moment tending to aid
the assumed rotation and negative values indicataa
moment opposing it. Where CA= O, it is obvious that
neutral equilibrium exists.

Curves of the asymmetric normal Ioad along the
span used in the computation of CAwere derived from
section normal-force curves such as are given in Fig-
ures 6 and 7. The values of ON’shown here and those
for the other wing settings preseuted in the tables were
computed by multiplying the results obtained on the
integrating manometer by a constant depending upon
the manometer design.

The normal-force coefficient of the whole wing C~, as
shown in Figures 16 to 20, was obtained by plotting
C~’ against span and graphically integrating for total
normal force. Reduction of these integrals to nondi-
mensional form gave the coefficient

where iV= total normal force.
It should be borne in mind, in applying these results

to a full-scale wing, that the Reynolds Number of the
tests was 160,000 and no corrections have been made
to compensate for the lack of free-air conditions in the
tunnel. In both respects, however, the results are
directly comparable to those of numerous other inves-
tigations in this wind tunnel.

Attention is also drawn to the conclusion arrived at
in reference 6 relative k the shape in front eIevation
of the extreme wing-tip fairing. This indicates that
the stability of a wing with such a faired tip is hkeIy
to be Iess and its instability greater than one with a
purely rectangular tip. However, since the models
used in this inves$wation had geometrically similar
tips, the ditlerence between them due to this effect
is considered unimportant.

The accuracy of the results, as plotted, may be
considered to be within + 5. per cent as explained in
detail in the following paragraphs. The occasional
pointe at negative lift that were omitted on the curves
were seriously in error, ow@ to the failure of the mfi-
nometer always to function properly under this type of
Ioading. Test conditions were maintained to the
following accuracies: mean dynamic pressure, + I per
ant; and the setting of the angIes of attack, twist, and
.sweepbackj + 5 minutes.

The rolling-moment coefficient CA,as calculated on
the strip method basis from semispan pressure-dis-

tribution tests, is useful for the purpose of compa]ing
winati tested under similar conditions. However,
the absoIute values of the coefficient will differ from
those that would be obtained from full-span wings or
tests in which the wing would bo given a small angular
velocjty in rolI, Comparative tests indicating the
amount of this difference at tho \’ery low rato of roll
usecL are lacking. Howemr, since the accuracy of the
strip met,hodincreasea as the rate of rotation approaches
zero, the inherent error in the resuIts due to tho method
of calculation is considered to have an unimport tint
influence. The error due to the semisptm method of
test is considered negligible co~idwing the large dis-
tance from the separation plfino to tho first row of
pressure oriftces.

The numericaI error of most importance in tho cou]-
putation of Ch is probably to be found in the fairing
of the section curves of normal force against anglo of
attack and the accuracy of determination of the points
through which they are drawn. The error due to tho
former is not directly estimable, but is believed to bc
small. The average deviation of the latter throughout
two check runs amounted to about 3X pcr cent of the
meag observed value. As wUI be seen from Figures
6 arid 7, small vertical errors in the pIotted points
would not greatly change the slopes of the curves in
most cases. & the determination of the asymmetric
norr@ forces and the integration of the resulting
rolling-force curves were each accurate to within 1 per
cent, an average deviation of not more than + 6 per
cent could be expectd in the pIotted values of CA.

The greatest source of error believed to enter into
the normal-force results is in fairing the semispm load
curves from the pressure element nearest the root to
the root. This error depends upon the judgment of the
individual doing the fairing and upon the accuracy of
the last measured point. Check runs showed that tho
variation of this point was law than 2 per cent of its
mefin value. Consequently the areas of the measured
semispan load curves probably do not deviate from
the actual load curves more than + 5 per cent, and the
coefficient of normal force may be considered accurate
to that extent,

DISCUSSION

From the viewpoint of laterrd stability it is important
to consider the tendency of a wing system to incrcaso
or damp a small rotation in roll when the moment
causing the rotation ceases, The coefficient of rolling
moment due to roll CA taken at a rato of rotation
equivalent to the maximum usually encountered by

?’ )an airplane flying in bumpy weather ~~= 0.05 , pro-

vides a convenient measure of this tendency. Fwrss
5 and 8 to 15 give curves of CAunder tho above con-
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ditions and may, therefore, be considered as indicating
the degree of initial lateraI stability or instability of
each wing arrangement in normaI, unyavied flight.

In studying these curves, it should be borne in mind
that varying the profile along the span from a cam-
bered to a symmetrical section is, in effect, a method
of producing an “ equident twist.” In the case of
the NT.A. C. A. S6 airfoil as compared to the N. A.
C. A. 84, this “ equivrdent twist” is approximately
equal to 7° washout, or the difference in angIe of zero
Iift of the root and tip seotione.

Figure 5 shows the effect on roiling moment due
to rd of such a change in profile along the span.
The most striking effect is the reduction in the magni-
tude of maximum instability, which for the hT. A. C. A.
S6 wing modeI is about one-sixth of that for the N. A.
C?.A. 84. An exphmation of this phenomenon may be
obtained by reference to Figures 6 and 7, where a
marked difference in the shapes of the section normal-
forc8 curves for the two wings is seen. In the ticinity
of 23° (30° absolute angIe of attack) where IateraI
instability is the greatest for the N. A. C. A. S4 wing,
the slopes of ill ib section curves are distinctly nega-
tive. On the other hand, the section surves for the
N. A. C. A. S6 at about 15° (18%0 absolute angle of

attack) have a sIope which is negative for about half
of the semispan, then zero, and fially strongIy positi~e
at the tip. The greater influence on lateraI stability
of the tip sections, whose stalhyg angks on this wing
are considerably delayed, would account for the wry
great improvement in stability over the N. A. C. A. 84
wing,

However, the N. A. C. A. S6 has the disadvantage
that latend instability fit appears at a lower absolute
angle of attack by 10° than that at which it appears

on the N. A. C. A. 84 wing. This condition may be
considered mainly a function of the characteristics
of the intermediate profiles, beca~ twist on the
N. A. C. A. 84 ‘equaI to the equivalent twist of the

a
FIG= 6.—X. A. C. A. S4afrafght w&. Sectfon n- fome W=US fu@
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N. A. C. A. 86 straight wing (as interpolated from
Figure 8) reduces the angIe of attack of neutraI
stability only about 2“.

Geometric twist has the effects shown in Figures S
and 9. It is seen that the good Iateral stabiIity
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characteristics of the hT. A. C. A. 86 wing are im-
proved by a small amount of washout and are not
materially impaired by additional washout up to 10°.
In Figure 10 maximum Iateral instability is plotted
against equivalent twist for both wings. This shows
that-an equivalent twist in the order of 110 washout is
~pparently the maximum desirable for both wings
from the standpoint of Meral instability due to roII,
The si.milmity of the two curves for like amounts oi

Absofutearqleofotiuck,a=

FfGCTt.E9.—N. A. C. A. 88afrfoll. Effect of Met on rolling momentdue to roll at

~b 005
imv-

twist is fair, both showing a reduction due to twist of
at least 70 per cent in maximum unstable rolling
moment,

The absolute angle of attack of initial neutral
stability and of maximum normal force plotted against
equivalent- twist is shown in Figure 11. The varia-
tion is small for each wi@ and within the range of the
tests the N. A. C. A. 84 .alwa.ys shows instability
beginning at a higher absolute angle of attack than
the N. A-. C, A. 86. The anguhw difference between

mam”m”um normal force and the beginning of lateral ““–
i.rwtabiIity is very small for both wings and may bc
considered practically coincident if less than a degree,
The urtusuaIIy large difference occurring at zero twist
of the hT. A. C. A. 84 is prob~bly due to the very
rounded top to the normal forco curve of this wing,
as ccnnpared to its twisted variations. (Fig. 17.)

The influence of sweepback on the lateral stability
of the two wing models is shown in Figures 12 tu 15,
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N.qE.–FI~ d pMnts on N. A. O. A. W cum inr!lmte degrees of gm.
metric twlat.

Sweepforward is seen to raise the angle of at t tick of neu-
tral stability and sweepback to lower it, relative to the
angle for the straight wing. This cffect seems LU k

due to the fact that the tips, which affect lateral stability
more ‘than any other part of the wing, act in a manner
analogous to the leading edge of an airfoil when swept
forward and the trailing edge when swept back. Thus,
in the former case, the slopes of the normal-force curves
for the tip sections are increa~d and their maxima
delayed, both of which tend to maintain lateral
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stability to a higher amgle of attack. When the wing
is swept back the slopes me decreased and their rua.xi-
mum points occur at Iower angIes, which has the op-
posite effect upon the angIe of neutraI lateral stability.

On the other hand, Figure 15 SISOshows that the
influence of the above condition on the angIe of maxim-
um normal force is to raise the angle slightly for
both sweepforward and svieepback. This condition

m#tm
0

-.01

-.il?

0“ @ 8“ /2” 16- 20” 24= 28-
AbsoIutimqle ofattac+r,a?=

FIG- K—N. A. 0. A. S4afrfoil. EEeet C#aweepbtwkon rofhg moment due te

roll I?+&o.fx

Absolutecrqleofattack.C&
~lGUM! 13.—N. A. C. A. %9tin. EffeCt of 9wee9fN?4kOnrcdhns mQment

due to mIl atfib=0.05

produces, at 20° sweepback, a defbite tendency towards
IateraI instability before tie stall.

fittIe sim.iIarity in the ma~um instability charac-
teristics of the two wings can be observed, which
indicates that the effect of sweepback is appreciably
influenced by the obviously very different thickness
of the extreme tips of the two wings.

For more convenient numerical comparison, the
critical values of the foregoing curves (as shown in
figs. 10, 11, 14, and 15) and the maximum normal-
force coefficient for each wing arrangement are t abu-
lated below.

Curves of total normal-force coefficient Ck against
angIe of attack are given in Figures 16 to 20 for the
purpose of showing the eflect of the rmiables used to
change the span-Ioad distribution upon the general
effectiveness of the wings tested. It “b realized that
the absence of data on the changes in drag accompany-
ing the changes in normaI-fome distribution makes a
comp~ete compa~son impo~ible. Howe~er, the close

b“
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FIGURElL-Mmimum fated fnrkbllfty ~ sweepbaek
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FIGCBE 15.-Abdute .!M@ Of attack of neutral IatemI stabtlhy and maxi-
- normaf fcme versnsaweepkk
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approximation of normfd force to the lifting force justi-
fies the use of C~ for this purpose.

The effect of change in profle is shown in Figure 16.
Maximum Cx is reduced 12 percent and the abruptness
of the stall is considerably increased. The angIe of
attack of zero Iift is increased by the amount that might
be expected from the equivalent washout of the tip
of the K. A. C. A. 86 wing. As mentioned before, the
angle of attack of neutral lateral stability (approxi-
mately ma.xhnum ON) is decreased, which resuhs in a
decrease of over 8“ in the available flying range. Thus,
though the straight N. A. C. A. 86 wing shows a
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marked reduction in Iaterd instabihty (fig. 5), it i
distinctly inferior to the N. A, C. A. 84 in othe
respects.

-8° -4” 0 @ & 1~ Ic 20° 24° .2B-
Ci

FIGUEE16.—ToteJnormal fm’cevemrraangleof attac~ Effect ofchungeIn profile
from N. A. 0. A. 84at root h N. A. 0. A.-M2 at tip

TABLE III

~MAXIMUM LOADS AND MOMENTS AND CRITICA.
ANGLES OF ATTACK

~&~i~f~~abovezerou~.
-Twkt=-m%shotit.
+Swe8pback-Sweepbeck
–Sweepbaok-sw’eepforward.

Wfrlg ahaaeterfetfea

Protlle

N.A, C. A.84.

N. A. C. A. 80.

leornet-
io twlat
-

Dty

+5

–7:
–15

o
0
0
0

g
–10
–16

o
0
0
0

,0
0
0
0
0

–m
-10

i’

Ma&

-

0.08!li
.0279
. m2
.U02
.0122

.02!M

.m40

.0240

. 01’xl

.m52

. Lm2
.:m&4

. Unl

.:%%
, OEM

Xic&.

L 4QI

$&
1 71

1:418

1.485
1.4s5
1.MO
L2W

L 1(M
L 110
L 140
L159
1.168

L 171
L 105
L 078
L W

17.0
la 4
la4
I&2
Ia4

x?
28.8

R!

a. at

WCA.)

De~oa

mo
MO
2a.7
2a.6

27.0
X6

z:

Ill 6
Ma
17.0
17.6
lao

17.0
17.0
la 6
17.6

Twist, as shown in F@res 17 and 18, makes ver
Iittle change in the value of C~ maximum of eithe
wing, In the case of the N, A, C, A, 84, washout in
creases the abruptness of the stall, whereas th

N. A. C. A. 86 shows a decrease for vmshin and no
change for washout. Zero lift for both wings in nearly
alI cases is shifted slightly less than might I.mexpected.

The effect of sweep is shown in Figures 19 and .20.
Sweepforwrtrd has no effect on the nmgni[ ude of C~

-6’” -4” O“ 4“ 8“ f2” ltY 20” 24” m“
a

FrGuaE17.—N. A. C. A. 84akfoll. Totaf nmnrrdform verw ungle cd attock.
Ettect of twfat

a
Frmnm 18.—N. A. C. A. 89e.frfoll. Total ncmnal form mm-asangte of attack.

EITeetOfttit

ma.xirnum of either ~g. Sweepback, on the other
hand, gives a uniform reduction in C~ maximum of
7% per cent for tho N. A. C. A. 84, and a progressive
decrease in C~maximum for the N. A. C. A. 86 amount-
ing to 12 per cent at 20°. The angle of attack of zero
Iift for either wing is not affected by sweep forward or
sweepback to any appreciable extent,

.
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CONCLUSIONS

The span-load distributions obtained in these tests
show the following eflecta on Iatersl instability as
governed by robg moment due to roll:

k FACTOR IN STABILITY IN ROLL 577

L Variation in protie of an airfoiI from the
N. A. C. L84 section at the root to the N.A. C-A.-
Nf_2 at the tip reduces m&rnum instability to
about one-si.th of that of an airfoil of con-
stant N. A. C. A. S4 profile.

2. About 11° equivalent washout reduces mati-
mum instability about 75 per cent.

3. Sweepforwtmd raises the angh of neutral
stability, whale sweepback reduces it. This effect
is of sufficient magnitude so that aft 20° sweepback
instability begins before the vring reaches ma-xi-
mum Iift .

The various span-Ioad distributions tested influence
the general tiectiveness of the wings to the follow-
ing extent:

1. The variation in profiIe along the span r~
due= the useful angl~f-attaok range about 37
per cent and maximum cv about 12 per cent.

2. Twist has only a slight influenee on the use-
ful angle-of-attack range and maximum C~.

3. Transition from sweepforwmd to sweepback
progreasiveIy decreases the useful angh+of-attack
~nge.

4. Sweepforward up to 20° has no effect on
maximum (?~ and sweepback up to 20° reduces it
about 10 per cent.
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TABLE VTABLE I

N. A. C. A, 84

PROFILE ORDINATES

N. A. C. A. 84

5° WASHIN

..= IfORMAJ.FFORCE COEFFICIENTS -.
.—.,“a#i.LE

.,
a

Cn’

sell c

u 079
.8m
.607
,741
.Ma

L 111
L268
LWJ
L430
L600
1.am
L221
L 274
1.861

-

tick
wing852. E%$D

o.m7
.176
. aal
,W
.076
.840

i!%
1.230
L2S8
L2M
1.160
1.176
1.!436

o

:?4!
&m

M
10.al
16.w
mm

?3%
26.CO
m 00

R%
70.02
80.03
aQcHl

lR 8

260
4.86.
8.06
7.78
9.w

.. . . . . . . .
la 00
am
12,71
la. 61
1A00
14 la
M 11
:: f

1:;;

4?42
‘la
.ao

:#
.41
.10

:%
.0)
.W
.O1
.O1
.00
.m
.W
.00
.02
.00

:%
.00
.00

sec. A

-o. m7
.%4
.628

i~
L ‘m
L 418
L4M

:;

1.m
L 072
LIM

%. B

0.043
.812
.646

i%
L 240
LMQ
L 470

kg
L 142
LIM
1.196
L28U

—. .—

TABLE H TABLE VI

JS. A. C. A. 84

5° WASHOUT

NORMALFORCE COEFFICIENTS

N. A. C. A. -M2

PROFILE ORDINATES

Lower

#%%1
-

w

t%u

sec. A 8ec.B sec. c Om.D sea 1%o

;3?
5.m

11:
16.al

%%
40.01
60.00
moo
7a 02
moo
Ba02

1%%

o
L 30
L 74
2.aa
z 74
arm
&49
2.78
koa
402
&74

$$

L16
.Oa
.22

-! 32
~; g

-2.74
-8.06
-2.49
-8.78
-4. Oa
-L m
-a. 74
-a. 20
-2. n
-1.90
–L 16
-. 89
-. m

.— .-!,.. ..

TABLE IV

N. A. C. A. S4

STRAIGHT WING

TABLE VII

N. A. C. .4. S4

10° WASHOUT
NORMALFORCE COEFFICIENTS

NORMAL-FORCE COEFFICIENTS

CM”

sec. c
-

t%
wing

H
a—

8eL A

Dey
CLIMB
. aa8

i .S35
e

i%!
1! LWI
16 L w

R ;g
%4
27 1.020
30 1.015

cda

T
k. D sec. E

0.066 0.046
.211 .149
.872 .ma
.646 .610
.718

: ::;
1:%! L la
1.164 L 287
L2S5 L4A0
L829 L496
L258 f%
L 177
1.194 .770

Sea A l--SW.B
sec. B

-Q ma
.149
.416
.M6

1:%!
LM6
1.419
L548
1.ma
x a12
L 118

sea crSea D

-11~ 4202
-. 0a9

.227 .(LM

.448 .247

.663 . a26
.672

i%! .7m
L 150
LZ%7 i E
1.840 L 07!2
L306 1.180
L 197 1.118

0.097 0.ma
.4m .2.68
.W .6S3

i% 1:%!
L a84 1.291
L 611 1.440
1.669 L 6U
L62-9 1.6m
L 076 L 617
LO06 L 172
1.046 L 1E3
1.118 LM6

-a 156
-. am

;~

.2a4

.67S

i~
L la
L 103
L 118
LOU

-0.033
.am
.436
.Ma

i%?
L2B
L246
L4M
1.Im
1.113
L 076

I
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TABLE VIII

N. A. C. A.84

M“ WASHOUT

DISTRIBUTION AS A FAOTOR IN STABHXTT IN ROLL

TABLE XI

N. A. C. A. S4

10” SWEEPBACK

NORMALFORCE COEFFICIENTS
—

NORMAL-FORCE COEFFICIENTS

- r ‘
Cd -

cm
a total

EeCA WB f3ec.C -D Se E *

De#Jeu mm ~w am
:C33 O.m a on

-a .S70 .351 .260 .m .S27
o .= .Cill # .s6s .104
8

.654
.917 .S7S .620 .16’a .819

L Ml :. .910 . 6io
:

.2M L020
L= L078 .Sla :% L 1S4

U L 470 L 391 L !210 L Z?l
M L 621 L4U i~ .ms :g
IS L621 L3@l R% L07S
n L 41i L 164 L !2!0 LOi9 :E iwe
24 LOZ .m .%!2 .976 .345
z LOU L(M7 LOl% L~ .403 i~
80 LOM Ll12 1.125 LOIO .32S L~

TABLE XII

N. A. C. A. 84

20° SWEEPBACK

KORMALFORCE COEFT’ICIENTS

cd
a &

see A 6ec.B Se&c sec. D S=. E -

Dtg+rem
–: ~ -a~ ~ :$ -0.078 40s9 -am

-6 *m .Om . 0S6
-a .Kia .Z#d .%7 .019 .am

Q .6S2 .m .487 :% .E29
a .720 .W
8

:l%! .im
1%% iF4 .624 Jl#
L2SI0 L210 i~ .7KI L%

J 1.m L332 L liO .S51 .MS ~.
15 Lm L 36~ L !210 .89i .07S

L612 L840 L 164 .W7 .078 ~~
:. L 495 L125 LCUl .8ss . lli
24 L lS7 Al; .S5a .Sc6 .143 ~.
2i L157 .897 .as .m
80 I. lm L(MO .943 .Ss5 .= L~

TABLE XIII

N. A. C. A. SO

STRAIGHT ‘WING

NOR MALFORGE COEFFICIENTS

Ca-’ CY

~ 1’

+

; F ‘“-B ‘c ‘“ = ‘%
–o.m -am -aa *.= , +309

=;
4474

–.lm —.27s –.!w
‘ :L!? .Ku

: , +;: :3 :g,:g;:g ;:

i~ .981 .s26 ~
: L%

:% I :% #SJ
1.157

15 L 114 L.. :E I .= t L~ L~
Is . ml LM7 , .929 ‘ L!431 .S93

.S84 ;~ LM3L023f.5S4 .424
& , .U25 L05S! LOS6 ~ .71M
!27 LOW L091 LOG?
M

.W i=
i~ L Im L $X4 L176 ; .744 I L 142

CL”

6eec

–Q m
–.MO
.axl
.lm
.41i
.702
.s20
.WT

L MO
L3W
L~
L%

WE sec.D

-0.8=
–. 22X
–. 05s

.046

.ms

:8!
.lm

i%!
LM
LIE8

1
-o.m –0. 193
–. Eit .024
–. MS .25s

:g .496
.726

.4CG :g

.6S3

.ma L2M

.016 f%
1.Wo

i ma
k: LOSO

Dy
-a n3

o .l!a
a .4SI
6 .695

L! i%
15 LW4

L 495
: L 6i2
24 LbIS
27 LO-M
so 1.m

.

..—
—
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TABLE IX

N. A. C. A. 84

20° SWEEPFORIVARD

NORMAL-FORCE COEFFICIENTS

c..

Se&c

..
CY

%%

-a m
.024
.294
.Sm
.752

i!%
LWC?
L 401
L462
L4&S
1.m
LZ20
L270

a

&?L.4 SeQB *D

-0.117
.046
.Xn
.S67
.m
.m
.S46

i%
LSzn
L 510
L 5M
L4LU
LWO --

—

TABLE X

N. A. C. A. 84

10° SWEEPFORWARD

NORMAPFORCE COEFFICIENTS
..:*—., ..-

CB’

Sal c

(7X

z
0.W5
.Ma
.6s

ii%
L 218
L36S
L433
L495
L 440
L ltl)
L 12.5
LIES

. .
_ ..-

,L <=-

a

Sec.A &cB *D

am
.Zcs
.364
.M6
.T2a
.S7S

L 015
LM7
LSIXI

H%
L!222
L~

..—

. .._

..-—

- .-
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TABLE XIV

N. A. C. A. 86

5° WASHIN

NORMALFORCE COEFFICIENTS
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TABLE XVH

if. A. C. A. 86

16° WASHOUT

NORMAL-FORCE COEFFICIENTS
..-

a

—
CA$ cd

t%
Wing

a

WC A Sec. B

~g -Q 666
–. 402

.195 -.180

.493 .166

.780 .436

i!3 :E
L2Q5 L(X.2
L865 1..2m

L ~9
:% .927
.a’al .916

Sec.D k. E
. —

-Liebb -0.861
-.408 -. %6
-.m -.812
-.136 -.128

-: g
:%
,824 .m
.474 .399
.622 .M7
.Mo .670
.771 .075
.816 .eao

Sec A sec.c

“r
6w. D *E

-0.234 -o. MO
–. 066 –. 023

.117 .058
.m

% .2$9
.826
.760 :%
.802 L 110
.860 L032
.971 .707

L 011 . em
L042 .676
L 1211 .7M
L244 .790

—-

Sec. o

-: &&

-.8.24
–.071

.108

.a?b

.567

.740

.896

M
.952

.
.,:

~ %7

.l$s

:%

i%
.6$0
.810
.436
.907

l%%
L207

-L18aI
-. 02a

.246

.638

i=
1.186
L 148
.eo7
.342

;E

:%

“4 818
–. 078

.176

.W!2

.6$2

.797

.928

.9(?4

i$l!
L026
$g

-R4sb
-.mb

.Co2

.X8

.624

.710

.876

i: E
.804

:E
1 . ..—

TABLE XVIII

N. A. C, A. 86

20° SWEEPFORWARD

TABLE XV

N. A. C. A. 86

NORMAL-FORCE COEFFICIENTS

NORMALFORCE C!OEFFICENTS
CN’

+

&& c Sec.D

-Q602 , -o. @
-. a18 –.M6
-.091 –. m

.132 .104

.870 .f&s

.646 .441
,7b9 .@4!4

.ml
i% .974
L 140 l.lm
1.180 L246
Lm
L 226 ;E
L221 I L266

t% Sea B

-0.662
–. 28J
–. 032

.234

.460

.642

i=
L 101
L 149
L 101
1.140
L162
L 194

a

~
Sea A

— ,—
SeaB SeQ. E

Deuw
-0.8WI

-a –. m
o .195
8

:E
:

1.2 I:E
lb

:2
E
24 .aao
27 .907
90 .085

–o.670 -a 442
–. 337 -.272
-: ;IJ -: g;

.360 .214

. ME .808

.740 .m

.%08 .CJm
.810

i!% .875
.920

“:E .920
,L 046 .W2

-0. 47a
–. X6
-. w

.m

.104

.ZM

.4SI

.676

.843

.072
L 142
.7’21
.020

--cJ g4

:E
.676

:2
1.rM
L 076
.ab
.S96
.Q?d
.983

. .

-I

TABLE XIX

N. A. C. A. 86
TABLE XVI

N. A. C. A. 86

10” WASHOUT

a
,.

+-

DeE&

–a
-a

0
a

:

.1

E,.
-

10° SWEEPFORWARD

NORMAL-FORCE COEFFICIENTS
NORMA~FORCE COEFFICIENTS

(%’

cd

ma. c
sec.D I sea E8ecA I SecB sec.c

sec.D SW. ESec. A SeLB

-(k MO
-.234

.022

.298

.646

.767

i!%
LOW
.920
.694
.Q36

-0.436 -0.693
-.143 –. !2a2

.Un -.046
,447 .2ca
. 7W .W2

. ml
iE .916
L2SS L 110
:~o

::
.802
.9KI

k%
ig L 120

De&a

o
8

:
12
16

:
24
27
ao

-a 486
-. =6
–. 143

.020

.175

. a~

.4fn

.648

.707

.a17

%%

.
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TABLE XX

N. A. C. A. 86

10° SWEEPBACK

NORMALFORCE COEFFICIENTS

I
a l—

; SeLA
1-— ,—1

-6
-3

0
a
6
0

IkuyJ !
--IL446
-. Iii

.110

. 2i6

.649

. S75

li H%
16 L164

.S6a
E
24: :E

Oi~ —

8ecB

cJf

See E

Ch.
=

AS A FACI’OR IN STABILITT IN BOLL

TABLE XXI

N. A. C. A. S6

20° SWEEPBACK

581

t3ec. A aeeB

NORMAPFORCE COEFFICIENTS

se c

-0.474
–.7.44
–. 104
.143
.im
.646
. T45
..W
.6d6
.m
.616
.m
. TM)
.s24

OeLD

-0. =7
-.240
-.09.5

.104

.253

.m

.63!a
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.&

.m

.M
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.769
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